Objective : To compare the clinical outcomes and biomechanical effects of total disc replacement (TDR) and posterior cervical foraminotomy (PCF) and to propose relative inclusion criteria. Methods : Thirty-five patients who underwent surgery between 2006 and 2008 were included. All patients had single-level disease and only radiculopathy. The overall sagittal balance and angle and height of a functional segmental unit (FSU; upper and lower vertebral body of the operative lesion) were assessed by preoperative and follow-up radiographs. C2-7 range of motion (ROM), FSU, and the adjacent segment were also checked. Results : The clinical outcome of TDR (group A) was tended to be superior to that of PCF (group B) without statistical significance. In the group A, preoperative and postoperative upper adjacent segment level motion values were 8.6±2.3 and 8.4±2.0, and lower level motion values were 8.4±2.2 and 8.3±1.9. Preoperative and postoperative FSU heights were 37.0±2.1 and 37.1±1.8. In the group B, upper level adjacent segment motion values were 8.1±2.6 and 8.2±2.8, and lower level motion values were 6.5±3.3 and 6.3±3.1. FSU heights were 37.1±2.0 and 36.2±1.8. The postoperative FSU motion and height changes were significant (p<0.05). The patient's satisfaction rates for surgery were 88.2% in group A and 88.8% in group B. Conclusion : TDR and PCF have favorable outcomes in patients with unilateral soft disc herniation. However, patients have different biomechanical backgrounds, so the patient's biomechanical characteristics and economic status should be understood and treated using the optimal procedure.
INTRODUCTION
Various surgical approaches have been described to treat cervical disc disorders causing radiculopathy 1, 3, 4, 7, 19, 21, 27) . Among these approaches, anterior cervical discectomy with bone fusion (ACDF) was developed in the 1950s to achieve direct decompression of the herniated disc fragment 6) , and it has been widely adopted for treating of cervical radiculopathy in the past 50 years. However, fusion techniques can increase adjacent segment disease or degeneration after surgery.
To decrease these problems and to preserve segmental motion, total disc replacement (TDR) and posterior cervical foraminotomy (PCF) have been developed as alternative surgical techniques [8] [9] [10] 12, 24, [28] [29] [30] . Posterolateral soft disc herniation with unilateral radiculopathy is a good indication for both procedures, both of which provide good clinical outcomes.
However, there are currently no substantiated comparative biomechanical and clinical results with long-term follow-up.
This study was designed to compare the clinical outcomes and biomechanical changes after TDR and PCF with at least 5 years of follow-up.
MATERIAL AND METHODS

Patients
This retrospective study was designed to evaluate surgical procedures for patients presenting with unilateral cervical radiculopathy caused by a posterolateral soft disc herniation. 17, and group B: 18); three patients could not be contacted.
Preoperative and perioperative data were obtained by reviewing patients' charts and radiologic examinations, and surgical outcomes were determined based on clinical outpatient follow-up with radiologic examinations. The follow-up period ranged was 60-95 months (mean, 83.2±15.9 months). All patients underwent preoperative computed tomography and magnetic resonance imaging. Preoperative overall sagittal balance and functional segmental unit (FSU; upper and lower vertebral body of operative lesion) angle and height were assessed by preoperative and follow-up static neutral lateral radiographs. C2-7 range of motion (ROM), FSU, and the adjacent segment were also checked by dynamic radiography.
Surgical techniques
A conventional anterior cervical approach was used in group A via a transverse incision in all cases. A complete discectomy with sufficient foraminal and central decompression was routinely performed. The posterior longitudinal ligament was routinely removed. A rasp was used to complete the endplate preparation. A rail cutter guide was used to prepare the implant fixation channels. A fixation channel in the endplate was drilled, and a rail punch was impacted into the disc space. The Prestige LP (Medtronics Sofamor Danek, Memphis, TN, USA) disc rails were aligned with the channels on the endplates and inserted. Anterior-posterior and lateral f luoroscopy was performed to verify proper placement. All patients were encouraged to ambulate without neck braces immediately after surgery.
PCF was performed by using a tubular retractor (METRx system; Medtronic Sofamor Danek, Memphis, TN, USA) and a microscope in group B 12, 18) . A skin incision was made approximately 5 mm ipsilateral to the midline at the target level. The cervical fascia was incised equal to the length of the incision using a monopolar cautery, and tubular muscle dilators were serially placed. After dilation was complete, a final working channel (16-mm or 18-mm tubular retractor) was placed over the dilators and fixed over the laminofacet junction with a table-mounted flexible retractor arm, and the di- 
Assessment of clinical and radiological outcomes
Preoperative and postoperative neurological status, visual analog scale (VAS) score of the neck and arm, and the neck disability index (NDI) were evaluated routinely. Surgery-related complications, such as hoarseness, dysphagia, and cerebrospinal fluid leakage, were also investigated. We regarded the surgery as a success if postoperative NDI improvement was more than 15 points at the final follow-up (minimum 5 years) without repeat surgery.
The overall cervical sagittal balance and FSU angle and height were assessed on preoperative and postoperative static neutral lateral radiographs (Fig. 1 ). C2-7 ROM, FSU, and the adjacent segment were assessed by dynamic cervical spine radiographs (Fig. 2) . Lordosis was shown as a negative value, and kyphosis was shown as a positive value. To compare changes in disc height, we also examined FSU height compensated for by radiological magnification errors. The reason we measured FSU height instead of actual disc space height was that endplate milling in TDR made it difficult to compare disc height changes. The incidence of heterotopic ossification (HO) in group A was assessed according to the McAfee classification 22) . We measured the angles with quantitative measurement analysis software on a PACS workstation (Centricity 2.0; General Electric Medical Systems, Milwaukee, WI, USA).
Assessment of patient satisfaction and cognition for surgery
We asked the patients 1 year after surgery: "Are you satisfied with the results of surgery?" and "Would you choose the same procedure again?" Additionally, we asked the patients "What do you think was the best benefit of your procedure?"
A B We applied nonparametric statistical tests exclusively, such as the χ 2 test, the Fisher's exact test, the t-test, and the MannWhitney U test, as appropriate. The mean values of the groups were compared by using t-tests after performing Ftests for homogeneity of variances. A p-value<0.05 was considered significant. Nonparametric correlation analyses were performed using the Spearman-rho rank-ordered correlation 
RESULTS
Clinical outcomes
Patient demographics and preoperative neurological status are summarized in Table 1 , 2. No differences in these variables were observed between the groups, except length of hospital stay, which may have been associated with early surgical complications (Table 3) . The difference in early complication was caused by using the anterior approach.
Clinical outcomes are summarized in 
Radiologic data
The overall biomechanical data are summarized in Table 5 .
The preoperative C2-7 angle and FSU in group A were -13.4±
11.6 and -0.2±3.8, and the postoperative C2-7 angle and FSU (Table 6) .
We also found a high rate of HO in group A (70.6%; 12/17).
In particular, severe HO (grade III+IV) was directly relevant to segmental motion (29.4%; 5/17). However, the occurrence of HO was not related with clinical outcomes (Table 7) .
Preoperative C2-7 angle and FSU in group B were -14. tively. Postoperative FSU motion and height changes were significant compared to those taken preoperatively (p<0.05).
The decrease in FSU height tended to be associated with clinical outcomes (p=0.068; Table 7 were significantly higher in group B than those in group A.
Patient satisfaction and cognition for surgery
We asked the patients 1 year after surgery: "Are you satisfied with the results of surgery?" and "Would you choose the same procedure again?" The satisfaction rates of group A and B were 88.2% and 88.8%, respectively. The "yes" rates in group A and B for the second question were 82.3% and 83.3%. Additionally, we asked the patients "What do you think was the best benefit of your procedure?", "Motion pres- ervation" was given by 88.2% of group A patients. However, the group B answers varied: "motion preservation" in 38.9%, "no device use" in 27.8%, and "cost effectiveness" in 22.2%.
DISCUSSION
The primary goal of all operative treatment methods in patients with pure radiculopathy is decreased pain and sensorimotor deficits, as well as restore of working ability and quality of life. These goals can be reached by permanent decompression of the compressed nerve root. Various morphological causes (hard or soft disc or both) can lead to radiculopathy, which is treated using different techniques. These techniques differ in approach, complexity, aim, duration, and complications. We compared perioperative data and long-term outcomes of patients with pure radiculopathy treated at a single institution. These patients underwent decompression, with either anterior microdiscectomy and insertion of an artificial disc or posterior foraminotomy. Although both techniques helped preserve motion, they have different characteristics.
The advantages of TDR are preservation of motion and disc height, familiarity of the approach, and a relatively good long-term result including a lower incidence of adjacent segmental disease. Peng et al. 25) reported that TDR produces significant improvement in clinical outcomes after 2 years. Moreover, TDR restores segmental lordosis and preserves segmental motion up to 2 years postoperatively. In the present study, TDR showed good clinical outcomes, but . However, HO was evident in 48% of operated segments, and the incidence of HO causing restricted ROM of the prosthesis appeared to increase with time. In the same report, mean VAS score for both neck and arm pain was slightly higher in patients in whom HO developed than in those without HO. In the present study, no statisti- . These results are consistent with previous studies, in which incidence of implant-related complications was very low 13, 26, 33) . In contrast with PCF, TDR has a risk of intraoperative or early complications related to the anterior approach including hoarseness, dysphagia, and cerebrospinal f luid leakage. Early complication rates for TDR are 5-30%, and dysphagia is the most common complication 2, 17, 23, 31) . In the present study, two patients (11.7%) had dysphagia after TDR, but no permanent symptoms were observed. Dysphagia af- . Jagannathan et al. reported that patients with postoperative kyphosis had lower quality of life outcomes 14) .
In contrast, postoperative kyphosis was not correlated with postoperative clinical outcomes in the present study, which may have been due to including patients who were relatively young and had single-level soft disc disease. Interestingly, decreased FSU height was marginally correlated with the NDI (p=0.075) and arm VAS scores (p=0.068; facet, lamina, and soft tissue during surgery 14) . In addition, C5 nerve root palsy can be a complication of PCF 10, 14, 16, 19) .
Fortunately, C5 root palsy did not occur in the present study, possibly because only soft disc disease was treated. Yang reported that risk factors for C5 palsy include ossification of the posterior longitudinal ligament and foraminal stenosis 32) .
Soft disc herniation has a lower risk of C5 root palsy than hard disc or foraminal stenosis.
This study had some limitations. First, the data were obtained from a small number of patients and may be biased.
Moreover, selection of surgical method was not randomized, although preoperative characteristics were not different between the two groups (Table 1) . We explained the advantages and disadvantages of the two procedures to the patients, and the patients selected the surgical procedure. This factor may have influenced the patients' preconception for the surgery.
Second, differences in the anterior and posterior approaches could have affected postoperative complications, such as dysphagia, neck pain, and hoarseness. However, the main objective of this study was the biomechanical follow-up results for motion preservation techniques. Also, PCF and TDR are the most popular motion-preservation techniques, and no comparative study has been conducted between the two techniques.
CONCLUSION
TDR and PCF provided favorable clinical and radiological outcomes for patients with unilateral cervical radiculopathy caused by posterolateral soft disc herniation, However, TDR has disadvantages including HO and anterior approach-related complications, and PCF has problems, including disc recurrence, progression of spondylosis, and neck pain.
Therefore, we recommend TDR for patients with risks for progressing kyphosis (neck muscle atrophy, preoperative kyphosis, etc), posterior neck pain and re-herniation of a disc.
In contrast, we suggest PCF for patients with risks for the anterior approach (structural problems, previous neck surgery, etc) and concerns about cost.
